The present paper deals with the deposition of Cu-Co-Mn oxides thin film by magnetron sputtering to produce a black selective coating for solar Parabolic Trough Collector (PTC) systems. The effect of temperature was studied between the nominal temperature range of 300-600°C, using both in-situ heating and post annealing. The optical behavior was investigated by advanced spectrophotometry devices in visible, near and infrared spectral ranges. Scanning Electron Microscopy (SEM) was used to show the microstructure, and X-ray Diffraction (XRD) to identify the phases and to compare the samples'pattern prepared at different temperatures.
Introduction
One of the most popular utilizations of solar energy is to convert it into heat. This is because solar energy will not disturb the ecological balance, and the earth receives abundant solar radiation [1] . There are 20 active Parabolic Trough Collector (PTC) power plants worldwide: eleven in Spain, five in USA, two in Iran, one in Italy and one in Morocco [2] . Although parabolic trough collector systems have been mainly utilized for power generation, different other kinds of applications have been reported for such systems like industrial heat processes [3, 4] , building heating/cooling [5] [6] [7] [8] [9] [10] [11] , and water pasteurization [12] . For countries with high irradiation levels, their use for solar cooling can be an attractive investment which is environmental friendly [10] .
The building sector is a major energy consumer (32% of global energy use in the world) and it is responsible for more than 30% of total end-use energy related CO2 emissions (IEA, 2012) [6] . Solar energy utilization is the most widespread renewable method for covering a part of the thermal or electrical needs of the buildings [10] . These two needs can be partially covered by micro combined heat and power (micro-CHP) systems. A micro-CHP prototype has been built in La Rochelle (France) for the purpose of building space heating [6] . A solar assisted absorption heat pump system was installed and studied at Tianjin University in which the primary heat source was supplied from parabolic trough collectors [5] . In reference [8] a proposal for implementation of a PTC system as solar cooling in the building sector was presented. It was found that the solar cooling system can cope with the cooling loads of the buildings under realistic conditions. On a European level there is intense research activity to broaden the applications of solar thermal systems (hot water, space heating support) and to foster implementation in the EU-Member States. PTC systems are expected to play a key role in this effort [8] . In Switzerland there were also some projects [3] to develop the concentrating solar systems.
In order to reach a high efficiency, the absorber tube of a PTC has to efficiently absorb the incoming radiation but should prevent heat loss by infrared radiation. The coatings should be chemically and structurally stable within the range of operating temperatures, durable and long lived, comply with any local regulations or restrictions on use of materials for health, easy to apply to the absorber tube and with a good adhesion to the absorber [13] . Kaluza et al. [14] have proposed mixed oxides of Cu-Co-Mn oxides which showed good selectivity. Bayón et al. [15] reported an improvement in the solar absorption of a multilayered coating based on Cu-Mn oxides up to 0.95. Based on the previous studies of our group [16, 17] , the black Cu-Co-Mn oxide spinel has shown remarkable stability at high temperatures and promising optical properties, which makes it a good candidate for PTC applications. In the present paper, the sputtering temperature and post annealing effect were investigated on properties of the black spinel.
Methodology

Deposition: Magnetron Sputtering
In this study, magnetron sputtering was used as the deposition method. First, aluminum was deposited on silicon wafer as the bottom layer, since it shows high reflectance over the middle infrared region and as a result a low thermal emissivity. Then, the spinel was coated on an aluminum mirror as the absorbing layer. The deposition parameters such as argon and oxygen partial pressure, deposition power, sample and target distance were kept constant for all samples and the temperature was the only variable parameter. The deposition chamber was pumped down to the base pressure of 10 -7 mbar. A high pure Cu-Co-Mn target with atomic ratio of 1:1:1 was used as the target. The target and the substrate were cleaned using Argon plasma for 5 minutes. Then the deposition was carried out with a 75w pulsed DC power supply for one hour at the pressure of around 10 -3 mbar. As mentioned above, the effect of both in-situ and post annealing were studied. As for the in-situ heating, the vacuum chamber temperature was set to 300, 400, 500 and 600°C and kept stable for one hour before starting deposition. And in post annealing cases, the deposition was conducted at room temperature and then the samples were post annealed in air at 300-600°C for one hour. The temperature increase in post annealing to the desired temperature was processed with 50°C steps, and then the samples were cooled down at a slow rate of 3-5°C. The deposition parameters are summarized in table 1. The aluminum target was purchased from AJA International Inc. with a diameter of 50.8 mm and a thickness of 6.35 mm. The Cu-Co-Mn target was ordered from Testbourne Ltd, with stoichiometry of 1:1:1, and 50.8 mm in diameter and 3.18 mm in thickness. Both targets present a purity of 99.999%. 
Characterization
In this project, the samples were characterized by spectrophotometry. The reflectivity was measured in three steps: visible, near and middle infrared ranges (from 400 to 16000 nm). An integrating sphere and a source emitting isotropic radiation whose intensity distribution is similar to that of a black body (LOT, RT-060-SF), was used for both visible and near infrared spectral ranges. For visible ranges, between 400 and 800 nm, a spectrograph (MultiSpec 125TM 1/8m, Oriel, model 77400) associated to a PDA sensor (Silicon Photodiode Arrays, Intaspec II TM detector head, model 77090) was used. For the near infrared spectral range, a monochromator (Optronic Laboratories, OL 750-MPS) associated with a photosensitive detector Optronic Laboratories, OL 730PbS) was used. Finally, for the middle infrared ranges, between 2500 and 15 400 nm, a Bio-Rad FTS-175C Fourier transform infrared spectrometer equipped with a 3" golden integrating sphere and a high-performance nitrogen-cooled MCT detector was used in order to control the optical properties of the samples. The phase identification was studied 3 using X-Ray Diffraction (XRD). The microstructure of the film and the elemental analysis were also investigated with Scanning Electron Microscopy (SEM)/Energy Dispersive X-Ray Spectrometer (EDS). In figure1a the XRD patterns of the spinel thin film deposited at room temperature, 300°C, 400°C, 500°C, 550°C and 600°C are displayed. The film deposited at room temperature shows an amorphous phase with no recognizable spinel peaks, and peaks at 2 =38.34° and 54.92° are respectively assigned to aluminum and Si sublayers. In the 300°C sample the spinel is in the beginning of crystalline formation and the small peaks at 2 =36.17° and 44.72° belong to the spinel. By increasing the temperature to 400°C, there was an increase in the mentioned peaks' intensity. In both the 300°C and the 400°C samples two other peaks can be observed at 2 around 38° and 65°, which can belong to both spinel and the sublayer, aluminium, peaks. The patterns of 500°C, 550°C and 600°C samples show that all eight spinel peaks are formed at higher temperatures. By precise pattern analyzing based on ICDD database #48-1548, the Cu-O phase was identified at 2 =35.4° for the sample prepared at 600°C. In sample 550°C the Cu-O phase was in the beginning of growing, however it was not observed in sample 500°C.
Result and Discussion
According to figure 1b, samples that were heated during deposition generally follow a similar behavior in comparison to the post annealed samples. Similar to figure 1a , the Cu-O phase in preferential orientation of (11-1) and (111) at 2 =35.47° and 38.98° was observed in the pattern of a sample deposited at 600°C, and for the 550°C it is in the beginning of phase separation. Thus, in both cases of post annealing and in-situ heating, the spinel was decomposed at 600°C. In the following the morphology of this case is analyzed using SEM images.
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Microstructure analysis
The desirable properties of absorber coatings are highly dependent on the microstructure of the thin film. To confirm the phase separation of the spinel thin film at 600°C, the microstructure of the sample top surface was detected by SEM. Figure 2 shows the morphology of the sample deposited at 600°C at different scales. In figure 2a , non-uniform sections can be found which have been formed due to the aluminium diffusion. In fact, at high temperatures, aluminium grains grow to the top surface, which makes the surface hazed and results in an adverse effect on the reflectance. This fact is confirmed in the next section. The cross section microstructure of the thin film shown in figure 2d shows that the thickness of the coating is approximately 200 nm. The thin film shows that the surface is relatively porous, and this is one of the reasons that the film has high absorption. 
Spectrophotometry
The primary objective of this study was to optimize the optical selectivity of the black coating. The deposition power, oxygen partial pressure and the temperature are some important parameters on optical properties of thin film. Based on our previous study, the deposition power and the oxygen flow were kept constant at 75W and 22 sccm, respectively, and only the temperature effect was investigated between the ranges 300-600°C. Figure 4 shows the reflectance measurements for in-situ heated (figure 4a) and post-annealed (figure 4b) samples. It can be seen that the λ #$%&'(( is not exactly the same for samples, but all are around 2500nm. This can be explained with close films thickness, because based on Beer Lambert law, the cut-off wavelength is proportional to film thickness and complex part of the refractive index (k). In figure 4a , the trends of all samples at large wavelength, except for 600°C, are quite the same. The reason is that when λ ≫ . , the absorption is negligible and the film behaves as a transparent film. So, the measured values show the sublayer reflectance, which here is the opaque aluminium. In both figures, the 600°C sample displays different behavior at middle infrared ranges. As mentioned, at higher wavelength the measurements show the aluminium reflectance. Moreover, based on the SEM results, the aluminium was diffused at 600°C. The aluminium diffusion, increase in surface roughness, phase segregation, and larger grains at 600°C are the parameters which justify the lower reflectance of this sample. On the other hand, when λ ≪ . , the absorption is non negligible. By comparing the reflectance in the visible range, samples at 500°C and 600°C in both in-situ and post annealing show lower reflection values and as a result higher absorption. This can be explained with the morphology of the spinel. The high temperature promotes grain growth and as a result it may make the film more porous. The pores provide light trapping and consequently re-refraction of the wavelength in the pores increase the film absorption.
Cu-O
In near infrared range, the /01 value is not the same for the all curves. The /01 is proportional to film thickness, film refractive index and substrate refractive index. The thickness and refractive index for the substrate is the same for all samples. However, the refractive index of the film can be different because of the oxidation effect. As for the film thickness, although a constant deposition power was used for all samples, which is expected to make films with equal thickness, the thickness can be different because of grain growth at different temperature. Thus, the shift in location of /01 can be explained with both oxidation effect and with the little difference in film thicknesses.
Conclusion
In this paper, Cu-Co-Mn oxide used as the black coating for PTC applications. The effect of temperature was studied between the nominal range of 300-600°C, using both in-situ heating and post annealing. The following conclusions can be drawn: • Based on XRD patterns, the spinel was decomposed at 600°C in both in-situ heating and postannealing cases. The EDS maps also confirmed the presence of Cu-O phase. The sample deposited at 550°C, was in the beginning of phase separation. In the pattern of sample deposited at 500°C spinel peaks were found, however Cu-O phase was not observed. • The SEM image showed the aluminum diffusion at 600°C, which can highly affect the film selectivity. This fact was confirmed by spectrophotometry results. • A comparison between reflectance of in-situ heated and the post annealed samples indicates that the in-situ heated sample at 500°C is more promising than the others. This result is obtained by focusing especially on visible and middle infrared ranges. The XRD results also propose 500°C as the appropriate temperature. • To sum up, two suggestions can be proposed for the future studies. First, existence of excess Cu can facilitate the Cu-O formation. Hence, stoichiometry optimization is required to prevent phase separation. Also, aluminium is not stable at high temperatures and even if the spinel is enough thermally stable, the substrate diffusion disturbs the film selectivity. Thus, developing a thermally stable substrate, which at the same time keeps the reasonable optical properties (high IR-reflectance), is proposed as a future research. 
